Red crayfish, Procambarus clarkii, is widely farmed in the southern states of Louisiana and Texas. It is the most valuable of commercial crayfish species in the United States, where it is considered a delicacy. In recent years, its availability has decreased due to environmental contamination by toxic chemicals including lead. In the present study, we conducted a ninety-six-hour static renewal bioassay to assess the acute toxicity of lead as Pb(NO 3 ) 2 to adult red swamp crayfish. Study results indicated that Pb(NO 3 ) 2 is toxic to P. clarkii, and its toxicity is both time-and concentration-dependent. The 96-hr LC 50 was computed to be 3.95 g/L. During experimentation, erratic behaviors such as restlessness, loss of balance, air gulping, and convulsion were observed in leadexposed crayfish. Findings from this study have provided a scientific basis for designing subsequent experiments to assess the chronic exposure and biomarkers of lead-induced toxicity in P. clarkii.
Introduction
Lead (Pb) is a ubiquitous metal that exists in several oxidation states (0, I, II, and IV). However, Pb 2+ is the most stable, available, and suspected of being accumulated by aquatic organisms. The overall concentration of Pb in the continental crust is estimated to be 20 ppm dry matter. It is number 35 most abundant element in nature. Background levels in the top soil vary between 10 to 70 ppm; levels in surface water are generally bellow 0.01 ppm, but levels up to 1ppm can be expected inn contaminated areas with soft waters; in ocean water is about 0.0027 ppb. In U.S. sediments it is about 9-35 ppm, and about 4-700 ppm in soils [1] [2] [3] .
Pb enters the aquatic environment through erosion and leaching from soil, dust fallout, combustion of fossil fuels, industrial water discharges, runoff and fallout deposits from streets and other surfaces as well as precipitation. Pb is known to accumulate in fish tissues, including bone, gills, kidneys, liver, and scales. Its toxicity is influenced by fish life stage, water pH, and hardness, and the presence of organic materials [4] [5] [6] [7] .
The use of Pb has resulted in increased levels in soil, water, and air; Pb atmospheric concentrations as high as 50 pg/m 3 has been found in industrialized regions [8] . In addition, areas next to mining activities may be exposed to high emission levels. As Pb particles (dust) may be transported via air, an individual source of emission may pollute areas located far away from its source. Industrial use of Pb may comprise mining, smelting, and processing, Pb-containing water pipes, plumbing solders, alloys, pigments, batteries, and ceramics and glassware [7, 8] .
Historically, Pb in solders and alloys for water drinking pipes and as additive to gasoline have been the major source of environmental pollution, and animal and human exposure. In recognition of the toxic effects of Pb, most countries have phased out the use of Pb-E 4 in the fossil fuel energy industry. However, the emission of Pb from waste incinerators and waste disposals still remains. Accidental exposure of animals may also result from Pb shuts, disposed linoleum, and from Pb containing ornaments, toys, and pigments. Particularly, intoxications of animals resulting from disposed batteries ingestion has been reported [8] .
Pb accumulation in soils and surface water depends on many factors including pH, mineral composition, and type and amount of organic material. Pb in soils is transferred to food crops. Roots usually contain more Pb than stems and leaves, while seeds and fruits contain the lowest concentrations [9] .
Several studies have demonstrated that aquatic invertebrates exhibit various degrees of sensitivity to lead toxicity [10] [11] [12] [13] [14] [15] [16] [17] . These invertebrates include the American red crayfish, Procambarus clarkii, which is native to the Louisiana marshes (USA) [18, 19] . It is commercially farmed and harvested as a very important food source, both to fishing industries and to recreational and subsistence fishermen in Louisiana and other southern states [20] . Additionally, it has been reported that crayfish are being fished commercially for consumption without adequate protection to human health [12] . They constitute a commercially valuable natural renewable resource [21] . Also, they live in a wide range of environmental conditions that include highly polluted waters resulting in high resistance to heavy metals [13, 18, 22] . Hence, it is important to investigate the sensitivity of this valuable ecologic resource to toxic chemicals. The present study was designed to determine the acute toxicity of lead to red swamp crayfish in order to gather the necessary scientific information for the conduct of subsequent chronic experiments.
Materials and methods
Test organisms (mean body weight 15.3-28.5 g) were obtained from a local business supplier in Jackson, MS. They were initially declawed to preclude www.witpress.com, ISSN 1743-3541 (on-line) WIT Transactions on Ecology and the Environment, Vol 132, © 2010 WIT Press cannibalism and predation. Prior to experimentation, specimens were acclimatized at laboratory conditions for 2 weeks period, into several 50 gallon glass aquaria filled with 20 gallons of dechlorinated tap water. Crayfish were fed sinking waffles fish food ad libitum once every other day to avoid water fouling and reduce feces generation. Feeding was stopped 24 hr prior to testing and during testing.
Ninety-six hours static renewal bioassay was conducted according to standard testing protocols. Range-finding, subsequent and definitive experiments were conducted according to 8910 American Public Health Association (APHA) standardized procedures [23] .
The tests were repeated two times to ensure reproducibility. No-aeration, no-feeding, but daily renewal of freshly prepared and aerated solutions were maintained during the 96-h testing period.
Lethality was observed every 2 hr for the first 12 hours of exposure, and then after every 24 hr. Dead crayfish were immediately removed to keep water quality. The percentages of mortality or viability at each 24 hr of exposure were calculated. To determine the LC 50 , a linear correlation between crayfish mortality and decimal logarithm of Pb-concentration was established; the correlation equation and regression coefficient, R 2 , were obtained. During experimentation, basic water quality parameters including temperature, pH, dissolved oxygen, hardness and alkalinity were analyzed following standard protocols [23] . A photoperiod of 11h light and 13h darkness was maintained.
Results
The physicochemical characteristics of the laboratory water, supplied for all the bioassays carried out in this research, were in the following range: pH = 6.8-7.2; dissolved oxygen = 7.5-8.3 mg/L; temperature: [18] [19] [20] [21] [22] o C, alkalinity 10-20 mg/L as CaCO 3 , and hardness 12-15 mg/L as CaCO 3 .
Acute exposure to lethal concentrations of Pb resulted in noticeable impact on crayfish viability. The mean values of viability of crayfish exposed to various concentrations of Pb 2+ for 24, 48, 72, and 96 hr are presented in Figure 1 . It was observed that during the exposure period, all crayfish in the control group survived. Within the first 24 hr of exposure, no crayfish mortality was observed for all Pb-concentrations (2, 4, 6, 8, and 10 g/L) assayed. After 48 hr of exposure the percentage of crayfish mortality markedly increased from 25 to 87%. After 72 hr of exposure, 100% crayfish mortality was observed for the three higher Pb-concentrations (6, 8, and 10 g/L) . After 96 hr exposure, viability was only noticed for the 2 g/L Pb-bioassays. In addition, results demonstrated that viability of crayfish and concentration of Pb in the exposure medium were negatively related; in other words, mortality rates of the crayfish increased with increasing in Pb-concentration and exposure period. During experimentation, lead-exposed crayfish exhibited various behavioral patterns before death occurred; restlessness, motionless, loss of balance (i.e. over turning), air gulping and convulsion were frequently observed. However, such responses were minimal in the groups exposed to 2.0 g/L Pb(NO 3 ) 2 and none at all in controls.
Clearly, both time-and concentration-response relationships were observed in these bioassays. Figure 2 shows the regression analysis of the relationship between crayfish mortality and Pb(NO 3 ) 2 concentration after 96 hr of exposure. From the regression curve, a 96-hr LC 50 value was calculated to be 3.95 g/L.
Discussion
This study demonstrated that lead, as Pb(NO 3 ) 2 is toxic to crayfish, and its toxicity in time-and concentration-dependent. Upon 96 hr of exposure the LC 50 was 3.95 g/L, which is considerably higher than the 751.57 mg/L reported by Naqvi and Howell [15] from their investigation of the effect of lead nitrate on the fecundity of juvenile Louisiana swamp crayfish (Procambarus clarkii). The major possible reasons for this marked difference in values of LC 50 could be (a) organisms source and age: laboratory-raised versus farm-raised crayfish, and juvenile versus adult crayfish; (b) water quality of bioassays: aged tap versus synthetic. The water quality used in our research, although not aged tap, was acceptable according to EPA-807-8720 (Toxicity test procedures for crustaceans); and (c) the actual Pb-concentration derived from nitrate salt [100 mg/L as Pb(NO 3 ) 2 = 16.84 mg/L Pb] versus 60.72 mg/L of Pb for the same Pb(NO 3 ) 2 concentration. Age and size of specimens have been reported to influence to the extent of masking observed trends of bioconcentration [24] . In addition, in the present research 100% crayfish viability was observed within the 24 hr exposure to 2 g/L, compared to 8% mortality at 1 g/L Pb(NO 3 ) 2 reported by Naqvi and Howell [15] .
Erratic behavior such as restlessness, loss of balance, air gulping, and convulsion observed during experimentation are in agreement with earlier reports by Anderson [10] and Naqvi and Howell [14, 15] . These behavioral responses are indications of toxicity due to nervous disorders and insufficient gaseous exchange across the gill epithelia they mentioned. The toxic manifestation would be consistent with the inhibition of the enzyme acetylcholinesterase, resulting in death by paralysis of muscles of respiration and/or depression of the respiratory center [25] . Other studies have reported that that Pb is more toxic at low pH [8, 26] .
